ABSTRACT
I. INTRODUCTION
Most reported fuzzy microcontrollers are digital because of the advantages derived from sound design techniques, flexible programmability, and easy embedding into digital processing environments. However, analog techniques worth exploring since they can offer higher speed, lower power consumption, and much more functional efficiency as compared to their digital counterparts. This paper presents mixed-signal IC techniques where the best of analog and dig¬ ital worlds are combined to offer optimum fuzzy microcontroller chips. The Figure 2a illustrates the core cell of a MFC which allows implementing triangle and trapezoid membership functions defined by the pa¬ rameters Iaux, Isat, Iref and m [4] . We have designed a programmable version of this MFC using current-mode D/A converters with 4 bits for fixing Iaux and 2 bits for Isat and m. A microphotograph of the circuit is shown in Figure 2b . The active area is 0.07 mm in a 1.5-|Lim CMOS tech¬ nology. Figure 2c shows the experimental results obtained by programming the slope value m. To provide this MFC with voltage input, the differential version of the voltage-to-current con¬ verter proposed in [5] has been employed. Connective circuits: Based on the structure proposed by the authors in [6] (Figure 3a) , a 3-input Max circuit has been integrated in a 2.4-|im CMOS technology. It is shown in the microphotograph of Figure 3b . Precision of 0.23% of the total output current (with a typical range of 30 |LiA) were measured. To illustrate the dynamical behaviour, V-to-I and I-to V converters were added at the input and output, respectively. The circuit performs then as a voltage-mode Min operator. Despite these converters, high speed is achieved (transient response of 160ns) as de¬ picted in Figure 3c . Divider: The current-input voltage-output divider follows the structure shown in Figure 4a . It is based on a voltage-controlled transresistance element which uses a four-transistor cell oper¬ ating in triode-region [7] . A 
